INTRODUCTION
Various types of acids are widely used in production processes in semiconductor manufacturing for etching and rinsing purposes. Consequently, significant amount of wastewater containing fluoride (F 2 ), phosphate ðPO 32 4 Þ, sulfate ðSO 22 4 Þ, and nitrate ðNO 2 3 Þ is generated. Semiconductor manufactures usually segregate their wastewater since the presence of mixed anions will affect efficiency of treatment processes. Precipitation processes by the addition of calcium salts, such as calcium chloride (CaCl 2 ) is mainly used by semiconductor manufacturer to remove fluoride from wastewater (Huang & Liu 1999; Chang & Liu 2007) .
Presence of phosphate and sulfate will compete for calcium ion and hinder the removal of fluoride (Huang & Liu 1999; Chuang et al. 2002) . Experimental results in electronic wastewater also show inhibitory effect of phosphate ion on fluoride removal not only through competition of calcium but also through differential reaction kinetics that calcium salt forms calcium phosphate precipitate faster than calcium fluoride under alkaline pH (Yang et al. 2001) .
Consequently, higher calcium dosage is needed when dealing with fluoride-containing wastewater that contains phosphate and sulfate (Huang & Liu 1999) . The removal of phosphate from fluoride-containing wastewater prior to its treatment will make the treatment process simpler; the dosage of calcium salt required for fluoride removal may decrease as well. While presence of phosphate can cause eutrophication in surface water, phosphorus is a nonrenewable resource that will run out in the future. Therefore, it is also important to recover and reuse phosphorus.
One of the main methods for recovery of phosphate is chemical precipitation by using metallic salts, such as aluminium, iron and calcium. Calcium is the most common chemical compound utilized that leads to the formation of hydroxyapatite (Ca 5 (PO 4 ) 3 OH) (de-Bashan & Bashan 2004) . However, semiconductor wastewater contains high concentration of fluoride, which has high reactivity with calcium, and the calcium phosphate sludge cannot be obtained in pure state for possible reuse as a fertilizer; and the presence of phosphate may decrease the recovery factor of CaF 2 for many industrial purposes as well (Aldaco et al. 2005) . Aluminium reacts with phosphate and the optimum pH for precipitation reactions is 5 to 6 (Georgantas & Grigoropoulou 2007) . However, aluminium also reacts with fluoride to form a mineral known as cryolite (NaAlF 6 ), knowing that sodium ion exists in semiconductor wastewater (Aldaco et al. 2005 (Chang & Liu 2007) . Previous studies show that flotation process can be used as an alternative for separating CaF 2 precipitates from wastewater (Huang & Liu 1999; Chuang et al. 2002) . Precipitate flotation involves the precipitation of the ionized species prior to its flotation and it is an effective method for separation of solid from dilute wastewater. The addition of a collector is usually needed before the gas is introduced into the solution to increase the collective efficiency of the bubbles (Huang & Liu 1999; Chuang et al. 2002) . Previous research indicates that sodium dodecylsulfate (SDS) is suitable in DiAF process as a frother and a collector (Huang & Liu 1999) . , and pH for selective removal of phosphate were investigated using MgCl 2 in the first-stage reaction, followed by the second-stage reaction in which CaCl 2 was used to precipitate residual phosphate and fluoride. The aqueous equilibrium and effectives of flotation process for separating solid particle from solution in the second-stage process were examined as well. Potential benefits of the current study include selective separation of high-purity magnesium phosphate that can be reused, lower dosage of calcium required for fluoride removal, and less amount of CaF 2 sludge generated.
MATERIALS AND METHODS
Wastewater was sampled from a semiconductor manufac- All measurements were triplicated and the average value was taken. Turbidity was measured by a turbidity meter (Orbeco-Hellige 956 -10) and zeta potential was measured by a zeta meter (Zetamaster). Suspension sample for zeta potential measurement was sonicated for 5 min to break up aggregates before injected to the cell for analysis (Lee & Liu 2000 Effects of pH on precipitation reactions are shown in There were two roles that SDS played. Firstly, SDS was a collector whose adsorption on the surface of fluorite and fluorapatite precipitates rendered their surfaces more hydrophobic, and the attachment of gas was facilitated.
Secondly, SDS produced stable and sufficient foam as a frother to maintain the precipitates on the top of solution and to prevent redispersion thereof (Medina et al. 2005) .
PHREEQC model predicts that pH value is not a significant factor on fluoride removal under pH range 8 to (Table 4) . Similarly, it was found that only insignificant amount (3.8-7.3%) of sulfate was removed as affected by pH when at molar ratio of 3:1 (Table 5 ). This demonstrated that sulfate did not involve in reaction with calcium as predicted by model. Results of this experiment also revealed that calcium salt tended to react with phosphate preferentially than fluoride at alkaline pH. The phosphate concentration in treated effluent of the second-stage reaction was all below 0.5 mg/L under all pH range. Grzmil & Wronkowski (2006) also claim that phosphate precipitation is more favorable when pH increases to alkaline conditions. Depending on pH, 
